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ABSTRACT 

PROBLEM TO BE SOLVED: To provide an organic electroluminescent element 
achieving emission at high brightness and having a long service life. 
SOLUTION: The organic electroluminescent element has a plurality of b'ght 
emitting units 3-1 to 3-n between an anode 2 and a cathode 5 which are 
opposite to each other, with the light emitting units separated from one 
another by layers 4-1 to 4-n each of which forms one equipotential surface. 
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(54) ORGANIC ELECTROLUMINESCENT ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an organic electroluminescent element achieving emission at 
high brightness and having a long service life. 

SOLUTION: The organic electroluminescent element has a plurality of light emitting units 3-1 to 3-n 
between an anode 2 and a cathode 5 which are opposite to each other, with the light emitting units 
separated from one another by layers 4-1 to 4-n each of which forms one equipotential surface. 
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[Claim(s)] 

[Claim 1] The organic electroluminescent element characterized by being divided by the layer in 
which it has two or more luminescence units, and each luminescence unit forms the equipotential 
surface of one layer between the anode plate electrode which counters, and a cathode electrode, 
5 respectively. 

[Claim 2] The organic electroluminescent element with which the layer which forms the equipotential 
surface consists of a transparence electrical conducting material of 50% or more of permeability of 
the light in a component according to claim 1. 

[Claim 3] The organic electroluminescent element which is the layer of lOnm or less of thickness 
10 which the layer which forms the equipotential surface becomes from the metal or alloy of 50% or 
more of permeability of the light in a component according to claim 1. 

[Claim 4] The organic electroluminescent element with which the layer which forms the equipotential 
surface consists of the organic substance in a component according to claim 1. 
[Claim 5] The organic electroluminescent element which has the electron injection layer which 
15 consists of a mixolinmion with the metal which functions as an organic compound and an 
electron-donative dopant in a component according to claim 1 as a layer to which a luminescence unit 
touches the anode plate side of the equipotential surface. 

[Claim 6] The organic electroluminescent element with which an electron-donative dopant consists of 
one or more sorts of metals with which the work function was chosen from from among alkali metal 
20 4.2eV or less, alkaline earth metal, and a rare earth metal in a component according to claim 5. 

[Claim 7] The organic electroluminescent element whose mole fraction of the electron-donative 
dopant metal in an electron injection layer is 0.1-10 to an organic compound in a component 
according to claim 5 or 6. 

[Claim 8] The organic electroluminescent element which has the electron injection layer which the 
25 thickness which consists of a metal chosen from from among alkali metal, alkaline earth metal, and a 
rare earth metal becomes from a layer 5nm or less in a component according to claim 1 as a layer to 
which a luminescence unit touches the anode plate side of the equipotential surface. 
[Claim 9] The organic electroluminescent element which has the electron injection layer which 
consists of a metal to which the luminescence unit returned and generated the metal ion contained to 
30 the organometallic complex compound containing at least one sort in alkali-metal ion, 
alkaline-earth-metal ion, and rare earth metal ion in the vacuum in the component according to claim 
1 with the metal which may be returned to a metal as a layer which touches the anode plate side of the 
equipotential surface, and an organic compound. 

[Claim 10] The organic electroluminescent element which has the hole impregnation layer which 
35 comes to mix an organic compound and the electronic receptiveness compound which has the 
property which can oxidize this organic substance on a Lewis add chemistry target in a component 
according to claim 1 as a layer to which a luminescence unit touches the cathode side of the 
equipotential surface. 

[Claim 11] The organic electroluminescent element whose mole fraction of an electronic 
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receptiveness compound which has the property which can oxidize the organic substance in a hole 
impregnation layer on a Lewis acid chemistry target in a component according to claim 10 is 0.1-10 to 
an organic compound 

[Claim 12] The organic electroluminescent element which has the hole impregnation layer of 30nm or 
5 less of thickness which consists of an electronic receptiveness compound in a component according to 
claim 1 as a layer to which a luminescence unit touches the cathode side of the equipotential surface. 
[Claim 13] The organic electroluminescent element whose electronic receptiveness compound is an 
inorganic Lewis acid compound or an organic compound in a component given in any 1 term of 
claims 10-12. 

10 [Claim 14] The organic electroluminescent element which has the emission spectrum with which two 
or more luminescence units differ mutually in a component according to claim 1. 
[Claim 15] It sets for a component according to claim 1, and is an organic electroluminescent element 
with the white luminescent color by the superposition of luminescence from each luminescence unit. 
[Claim 16] The organic electroluminescent element which has the luminous layer in which at least 

15 one luminescence unit contains phosphorescence luminescent material among two or more 
luminescence units in a component according to claim 1. 

DETAILED DESCRIPTION 
[Detailed Description of the Invention] 
20 [0001] 

[Field of the Invention] This invention relates to the organic electroluminescent element (it may be 
hereafter written as an organic EL device) used for the flat-surface light source or a display device. 
[0002] 

[Description of the Prior Art] The organic EL device which has the luminous layer which consists of 
25 an organic compound between the anode plate electrodes and cathode electrodes which counter 
attracts attention in recent years as what realizes the large area display device of a low-battery drive. It 
is Tang's and others doing the laminating of the organic compound with which carrier 
transportability's differs for efficient-izing of a component, considering as the structure a hole and an 
electron being poured in with balance more sufficient than an anode plate and cathode, respectively, 
30 and making thickness of an organic layer into 2000A or less moreover. They are 1000 cd/m2 at the 
applied voltage not more than 10V. It succeeded in acquiring sufficient high brightness for utilization 
of 1% of external quantum efficiency, and a well head (Appl.Phys.Lett., 51, and 913. (1987)). The 
conventional organic EL device however, in the viewpoint of a component life About 100 cd/m2 
needed for a display display application The reduction-by-half life which exceeds 10,000 hours at last 
35 by the brightness of extent does not pass having resulted to be attained. About 1000 cd/m2 needed for 
a lighting application etc. Or about 10000 cd/m2 It is supposed that it is still difficult at a present stage 
to acquire a component life practically required of the brightness of extent, and such [ actually ] high 
brightness and a long lasting organic EL device are not yet realized. 
[0003] 

3 
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[Problem(s) to be Solved by the Invention] This invention is made in view of the aforementioned 
situation, and the purpose offers the component structure which realized the longevity life in high 
brightness luminescence achievement was difficult luminescence in the conventional organic EL 
device. 
5 [0004] 

[Means for Solving the Problem] In order that this invention persons may solve said technical 
problem, wholeheartedly between the anode plate electrode which counters, and a cathode electrode 
as a result of research A batch two or more luminescence units by considering as the configuration 
which carried out the laminating in the layer which forms the equipotential surface, respectively 

10 When a predetermined electrical potential difference was impressed between two electrodes in this 
component, it would connect in serial and light will be emitted to coincidence, and in the known 
organic EL device, each luminescence unit found out that the high current efficiency (or quantum 
efficiency) which was not able to be realized was realizable, and completed this invention. That is, the 
organic EL device of this invention is characterized by being divided by the layer in which it has two 

15 or more luminescence units, and each luminescence unit forms the equipotential surface of one layer 
between the anode plate electrode which counters, and a cathode electrode, respectively. 
[0005] In this specification, a luminescence unit has a laminated structure containing the luminous 
layer which consists of an organic compound, and means the layered product part except an anode 
plate electrode and a cathode electrode among the components of the conventional organic EL device, 

20 and when a predetermined electrical potential difference is impressed between an anode plate and 
cathode, light may be emitted. Moreover, the layer (the equipotential surface may only be called 
hereafter) which forms the equipotential surface means within a layer the layer which does not have 
the potential difference in the thickness direction and the direction of a field substantially at the time 
of electrical-potential-difference impression. 

25 [0006] 

[Embodiment of the Invention] Next, this invention is explained to a detail with reference to a 
drawing. Two or more luminescence units inserted into two electrodes as mentioned above among the 
anode plate electrode / luminescence unit (the laminated structure more than an organic layer and 
two-layer is common) / cathode electrode which is the basic structure of a known organic EL device 

30 exist, and the organic EL device of this invention is characterized by being divided by the layer on 
which each luminescence unit functions as the equipotential surface. As shown in drawing L the 
conventional organic EL device has the structure where the single luminescence unit was inserted into 
the electrode, pours in an electron (e-) side and an anode plate side to a hole (h+) from a cathode side, 
recombines it within a luminescence unit, generates an excitation state and emits light On the other 

35 hand, electronic-hole recombination arises within two or more luminescence units divided by the 
equipotential surface, therefore two or more luminescence generates the organic EL device by this 
invention shown in drawing 2 in inter-electrode. 

[0007] Generally in the organic EL device of this invention, it is desirable that the permeability of the 
light uses 50% or more of transparence electrical conducting material as an ingredient which forms 
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the equipotential surface. It is absorbed in case the light generated as the permeability of the light is 
less than 50% passes through the equipotential surface, and even if it carries out the laminating of two 
or more luminescence units, high current efficiency is no longer acquired, as a transparence electrical 
conducting material - ITO (an indium and tin oxide), IZO (an indium and zincic acid ghost), Sn02, 
5 Zn02, TIN, ZrN and HfN, TlOx, VOx, Oil, InN, GaN, CuA102, CuGa02, and SrCu2 - 02, LaB6, 
and Ru02 etc. — a conductive inorganic compound is mentioned. Moreover, the ultra-thin metal thin 
film of extent which can secure transparency can be used as the equipotential surface. Furthermore, 
the thing of the structure which comes to carry out the laminating of the metal membrane to a 
dielectric can also be used, as those examples - Au/Bi 203 etc. — the two-layer film, Sn02 / 

10 Ag/Sn02 and ZnO/Ag/ZnO, Bi203 / Au/Bi 203, TI02 / TiN/Ti02, and Ti02 / ZrN/Ti02 etc. - 
multilayers are known. As for the metal membrane in a metal thin film or the multilayers more than 
two-layer, it is desirable to set thickness to lOnm or less, and it is desirable to be referred to as 
0.5-10nm. If this thickness exceeds lOnm, the permeability of light will become 50% or less, and 
luminous efficiency will fall. 

15 [0008] Moreover, the conductive organic substance can also be used as an ingredient which forms the 
equipotential surface. As those examples, conductive organic compounds, such as the conductive 
organic substance, such as fuUerene of C60 grade and an oligo thiophene, metal phthaiocyanines, 
non-metal phthaiocyanines, metalloporphyrins, and non-metalloporphyrins, etc. are mentioned. 
[0009] In this invention, a luminescence unit puts the component except an anode plate and cathode 

20 as mentioned above among the elements which constitute the conventional organic EL device. As a 
configuration of the conventional organic EL device, (anode plate)/luminous layer/(cathode), (anode 
plate) / hole transportation layer / luminous layer/(cathode), (anode plate) / hole transportation layer / 
luminous layer / electronic transportation layer/(cathode), (anode plate) / hole impregnation layer / 
hole transportation layer / luminous layer / electronic transportation layer / electron injection 

25 layer/(cathode), etc. are mentioned, for example. In the organic EL device by this invention, as long as 
it is divided by the equipotential surface and two or more (two or more pieces) each luminescence 
units exist, you may be the matter of arbitration which this luminescence unit may have what kind of 
laminated structure, and especially a limit does not have about the matter used for a luminous layer, a 
hole transportation layer, a hole impregnation layer, an electronic transportation layer, an election 

30 injection layer, etc., either, and was conventionally used for formation of these layers. Also about the 
luminescent material used for a luminous layer, there is especially no limit, and the thing of 
well-known arbitration is used, for example, various kinds of fluorescence ingredients, a 
phosphorescence ingredient, etc are mentioned. 

[0010] Generally as a shade electrode material, the small metal of a work function and the alloy 
35 containing them, a metallic oxide, eta are used in many cases. The alloy of these metals, aluminum, 
Ag, In, etc., etc. is mentioned. [ the metal simple substance which specifically consists of rare earth 
metals such as alkaline earth metal such as alkali metal such as Li and Mg, calcium, and Eu, etc., ] 
Moreover, with the configuration (refer to JP,10-270171,A) which uses a metal doping organic layer 
for the interface of the cathode and the organic layer which this invention persons proposed, if a 
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cathode is a conductive ingredient, in properties, such as the work function, a limit will not specially 
become. Moreover, the alloy which uses the technique which this invention persons indicated to 
JP,11-233262,A and JP,2000-182774,A similarly, for example, contains metals, such as aluminum, Zr, 
TT, Y, Sc, and Si, or these metals can also be used as a shade electrode material. The aluminum 
5 currently generally especially used widely as a wiring electrode is [ among these ] desirable. 
Moreover, as an anode plate electrode material, transparent materials, such as ITO (an indium and tin 
oxide) and IZO (an indium and zincic acid ghost), are used, for example. 

[0011] The organic EL device of this invention which has this new component structure has the 
greatly different description from the organic EL device conventional at the following point. First, in 

10 the conventional organic EL device, although the upper limit of the quantum efficiency which is a 
ratio of the electron number poured in into the component and the emitted number of photons was 1 
(= 100%) theoretically, there is no theoretical limitation in the organic EL device by this invention. 
The electron drawn out from the molecular orbital of the ground state of the layer which the hole (h+) 
impregnation shown in drawing 2 means the drawing of the electron from the molecular orbital of the 

15 ground state of an organic molecule, and touches the cathode side of the equipotential surface is 
because it is reused in order to make a luminescent excitation state by being poured into the molecular 
orbital of the excitation state of the layer which touches an anode plate side. Therefore, total of the 
quantum efficiency of two or more luminescence units divided by the layer defined as the 
equipotential surface serves as quantum efficiency of the organic EL device of this invention, and it is 

20 infinite to the value. That is, although two or more conventional organic EL devices of the organic EL 
device of this invention are the same in [ as the condition that metal lead wire connects with the 
serial ] circuit, since the equipotential surface is transparent membrane structure, the same field-like 
luminescence as the conventional organic EL device is still possible. 

[0012] Of course, since the organic EL device of this invention has the structure where two or more (n 
25 pieces) conventional organic EL devices were connected to the serial, it cannot be overemphasized 
that driver voltage is total (V=V1+V2+ .... Vn) for the fall of potential (Vn) consumed by each 
luminescence unit. Therefore, naturally implementation becomes more nearly impossible, as the 
number of low driver voltage not more than [ it has been supposed that it is the advantage of the 
conventional organic EL device ] 10V of luminescence units (n) increases in the component of this 
30 invention. Nevertheless, the organic EL device of this invention is compared with the conventional 
organic EL device, and has the dominance point of shoes. First, since the brightness of an organic EL 
device is proportional to current density mostly, if it is going to obtain high brightness, high current 
density is inevitably required for it. On the other hand, in a component life, in inverse proportion to 
current density (not being driver voltage) therefore, high brightness luminescence shortens a 
35 component life. However, the organic EL device of this invention makes n pieces the luminescence 
unit of the same configuration of existing in inter-electrode, and it can realize it to obtain one n times 
the brightness of this, keeping current density almost constant Although driver voltage naturally also 
becomes more than n times or it as above-mentioned at this time, the one of the advantage of being 
able to realize without sacrificing a life n times the high brightness of this is unfathomable. 
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[0013] In addition, when the display display of passive-matrix structure is made into an application 
for example, the reduction in current density is the point that the voltage drop by wiring resistance and 
the temperature rise of a substrate can be greatly reduced compared with the conventional case, and 
the component structure of this invention is advantageous. Moreover, that the electrical potential 
5 difference of a light emitting device part is high compared with the conventional component means 
that the amount of [ by wiring resistance ] voltage drop does not affect brightness reduction so much, 
and it means that free is also possible for implementation of the display device of the passive-matrix 
structure by the constant-voltage control for which the voltage drop of a wiring part was impossible 
with the description of the component structure of small this invention, and the conventional 
10 component conjointly. 
[0014] 

[Example] Drawing 3 is the sketch sectional view showing the laminated structure of the organic EL 
device by this invention. On a glass substrate (transparence substrate) 1, it is repeated in order with 
transparent electrode [ which constitutes an anode plate electrode ] 2, luminescence unit 3-1, 

15 equipotential surface 4-1, luminescence unit 3-2, equipotential surface 4-2, , equipotential surface 

4- (n-1), and luminescence unit 3-n, and the laminating of the cathode electrode 5 is carried out to the 
last the glass substrate (transparence substrate) 1 among these elements (layer), a transparent 
electrode 2, and a luminescence unit (3-n — ) n= 1, and 2 and 3 - the point that two or more .... and 
luminescence units (3- n, however n= 1, 2, 3 ..) which the cathode electrode 5 is a well-known 

20 element, and was divided by the equipotential surface (4- n, however n= 1, 2, 3 ..) exist between two 
electrodes is a new point of the organic EL device of this invention. [ however, ] 
[0015] Moreover, the work function which is one of the properties in which an electrode material has 
an organic EL device is said to influence the properties (driver voltage etc.) of a component. A 
potential side (4-n) — it can set to the organic EL device of this invention - serves as an important 

25 element, in order to reduce the energy barrier for [ since the hole is poured in in the direction of an 
anode plate electrode in an electron and the direction of a cathode electrode / especially the method of 
forming an electron injection (transportation) layer and a hole impregnation (transportation) layer ] 
the charge (electron and hole) impregnation to each luminescence unit among the components of the 
above-mentioned luminescence unit 

30 [0016] For example, in case electron injection is turned on a positive electrode side from each 
equipotential surface (4-n), it is desirable to consider as the configuration which has the electron 
injection layer which consists of a mixolimnion with the metal which functions as an organic 
compound and an electron-donative (donor) dopant considering a luminescence unit as a layer which 
touches the anode plate side of the equipotential surface as indicated by JP,10-270171,A. Here, as for 

35 a donor dopant, it is desirable that a work function consists of one or more sorts of metals chosen 
from from among alkali metal 4.2eV or less, alkaline earth metal, and a rare earth metal. The detail of 
these metals is indicated by JP,10-270171,A. Moreover, as for the mole fraction of the donor dopant 
metal in the above-mentioned electron injection layer, it is desirable that it is 0.1-10 to an organic 
compound. If the concentration of the molecule (henceforth, reduction molecule) with which this 
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mole fraction was returned by the dopant less than by 0.1 is too low, and the doping effectiveness is 
small and exceeds 10 times, since the dopant concentration in the film will exceed organic molecule 
concentration far and the concentration in the film of a reduction molecule will fall extremely, the 
effectiveness of doping will also fall. By considering as the luminescence unit of a configuration of 
5 having the above electron injection layers, electron injection without an energy barrier is realized 
irrespective of the work function of the ingredient which forms the equipotential surface. 
[0017] Moreover, a luminescence unit may be the configuration that the thickness which consists of a 
metal chosen from from among alkali metal, alkaline earth metal, and a rare earth metal as a layer 
which touches the anode plate side of the equipotential surface has 5nm or less of electron injection 

10 layers which consist of a 0.2-5 nm layer preferably. Reactivity is high, and since making a component 
unstable is also known for this unstable metal existing superfluously in air, it is not desirable at the 
same time the permeability of light will decrease, if this thickness exceeds 5nm. Furthermore, 
"organometallic complex given in JP,11-233262,A and JP,2000-182774,A (the metal ion in this 
complex compound) The electron injection layer which consists of put together as the metal which 

15 returns the metal ion in this organometallic complex to a metal in a vacuum as being chosen from low 
work function metals, such as alkali metal, alkaline earth metal, and a rare earth metal, n is adopted. 
Thickness of the reduction metals (aluminum, Zr, Si, Ti, etc.) to be used is made ultra-thin to extent 
which can secure transparency, and it is good also as an electron injection layer. 

[0018] moreover, for example, in case hole impregnation is carried out from each equipotential 

20 surface (4-n) at a cathode side If the hole impregnation layer by which the electronic receptiveness 
compound (Lewis acid compound) which has the property which can oxidize the organic substance 
which this invention persons proposed in JP,ll-251067,Aon a Lewis acid chemistry target was doped 
is formed as a layer in contact with the cathode side of the equipotential surface Irrespective of the 
work function of the ingredient which forms the equipotential surface (4-n), the hole impregnation 

25 without an energy barrier is realizable. Furthermore, the ultra-thin electronic receptiveness compound 
(Lewis acid compound) layer which can secure transparency is formed, and it is good also as a hole 
impregnation layer. In this case, as for thickness, it is desirable to be referred to as 30nm or less, and it 
is desirable to consider as the range which is 0.5-30nm. Reactivity is high, and since making a 
component unstable is also known for this unstable Lewis acid compound existing superfluously in air, 

30 it is not desirable at the same time the permeability of light will decrease, if thickness exceeds 30nm. 
[0019] As an electronic receptiveness compound (Lewis acid compound) although there is especially 
no limit — ferric chloride, bromination — the 2nd iron, iodation ~ the 2nd iron An aluminum chloride 
and aluminium bromide, an aluminium iodide, a gallium chloride, bromination — a gallium, an 
iodation gallium, indium chloride, and bromination — an indium — Inorganic compounds, such as an 

35 iodation indium, 5 antimony chlorides, 5 fluoride arsenic, and 3 fluoride boron, DDQ 
(dicyano-dichloro quinone), TNF (trinitro full me non), TCNQ (tetracyano quinodimethan), 4 
F-TCNQ (organic compounds, such as tetrafluoro-tetracyano quinodimethan, can be used.) As for the 
mole fraction of the organic compound in a hole impregnation layer, and an electronic receptiveness 
compound (dopant compound), it is desirable that it is the range of 0.1-10 to an organic compound. If 
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the concentration of the molecule (an oxidation molecule may be called hereafter) which oxidized by 
the dopant is too low when the ratio of a dopant is less than 0*1, and the effectiveness of doping is 
small and exceeds 10 times, since the dopant concentration in the film will exceed organic molecule 
concentration far and the concentration in the film of an oxidation molecule will fall extremely, the 
5 effectiveness of doping also falls. 

[0020] In the luminescence unit used for this invention, about the layer which is directly in contact 
with cathode or an anode plate, you may make it the same configuration as the layer which touches 
the anode plate side of the equipotential surface, respectively, and the layer which touches the cathode 
side of the equipotential surface, and the electron injection layer and hole impregnation layer from 
10 which a presentation differs can also be used* Of course, the electron injection layer and hole 
impregnation layer which have been used for the conventional organic EL device can be used suitably 
as it is. 
[0021] 

[Example] Although an example is given to below and this invention is further explained to a detail, 

15 thereby, this invention is not limited. In addition, the VIEETECH JAPAN vacuum deposition machine 
and the FTS corporation NFTS sputtering system were used for membrane formation of an organic 
compound, a metal, and the transparence electric conduction film. Pby ten call company 10 
sensing-pin type level difference meter was used for measurement of thickness. The case rhe 
(keithley) company source meter 2400 and TOPCON BM-8 luminance meter were used for the 

20 characterization of a component Direct current voltage was impressed in the shape of a step at a rate 
for 0.2V / 2 seconds by having used aluminum as cathode, having used ITO of a component as the 
anode plate, and the brightness and current value 1 second after a power surge were measured. 
Moreover, using the Hamamatsu Photonics PMA-11 optical multi-channel analyzer, EL spectrum 
carried out the constant current drive, and measured. 

25 [0022] The example of criteria (example of production of the conventional organic EL device) 

The conventional organic EL device which has the laminated structure shown in drawing 4 
was produced as follows, a glass substrate — one — a top — **** — an anode plate — a transparent 
electrode — two — ****** — sheet resistance — 20 — ohm — /-- ** — ITO (an indium and a tin oxide, 
spatter vacuum evaporation© article by Sanyo Vacuum Industries Co., Ltd.) — predetermined — a 

30 pattern - a coat - carrying out — haying -**** — [ — drawing 9 — (— a — ) — reference — ] . The 
following type which has electron-hole transportability through the metal mask for organic-substance 
membrane formation [(b) of drawing 9 ] on it (1): [Formula 1] 

It came out, alphaNPD expressed was formed in thickness of 600A with the evaporation 
rate of 2A/second under 10-6torr, and the hole transportation layer 6 was formed. 

35 [0023] next, said hole transportation layer top — as a luminous layer 7 — following formula (2): — 
following formula (2): — [Formula 2] 

Each evaporation rate was adjusted and membranes were formed in thickness of 400A so 
that it might come out and this fluorocfarome might serve as 1% of the weight of concentration in the 
tris (8-quinolinoIato) aluminum complex (it may be hereafter written as Alq) expressed, and the 
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coumarin derivative [trade name:NKX-1595 (Japanese sensitizing dye company make)] which is a 
green luminescence fluorochrome. 

[0024] next - as the metal doping electron injection layer 8 of a publication at JP,10-270171,A on 
said luminous layer 7 — following type (3): — [Formula 3] 
5 Each evaporation rate was adjusted and membranes were formed in thickness of 300A so 

that it might come out and the bathocuproine and metal caesium (Cs) which are shown might be set to 
1:1 by the mole ratio. 

[0025] Next, aluminum was vapor-deposited in 1000 A thickness with the evaporation rate of 
lOA/second through the metal mask for cathode membrane formation [refer to [ of drawing 9 / the 

10 ( d ) ]] as a cathode electrode 5. A luminescence field serves as 0.2cm long and the shape of a 0.2cm 
wide square according to this process. In this organic EL device, direct current voltage was impressed 
between ITO which is an anode plate electrode, and aluminum which is a cathode electrode, and 
many properties of green luminescence from a luminous layer (vapor codeposition layer of Alq:NKX 
-1595) were measured. O plot in drawing 5 , drawing 6 , drawing 7 , and drawing 8 shows the 

15 brightness (cd/m2>-electrical-potentia] -difference (V) property of this component (example of criteria), 
a brightness (cd/m2)-cuTTent density (mA/m2) property, brightness (cd/m2)-current efficiency (cd/A), 
and current density (mA/cm2)-current efficiency (cd/A). Moreover, many properties in a typical 
brightness value were summarized in Table 1. 
[0026] 

20 [Table 1] 

[0027] The luminescence unit 3-1 was formed through the metal mask for organic substance 
membrane formation [(b) of drawing 9 ] on ITO by which the coat is carried out to the predetermined 
pattern shown in (a) of drawing 9 as well as the example of example 1 criteria. That is, sequential 
membrane formation of the mixolimnion of 400 A, bathocuproine, and metal caesium (Cs) was carried 

25 out [ alphaNPD ] for the layer of 600A and Alq:NKX-1595=100:l at the thickness of 300A. Next, 
membranes were formed in thickness of 100A by 4A/second in membrane formation rate as the 
equipotential surface 4-1 using the technique of sputtering in which this invention persons proposed 
ITO by the application for patent No. 142672 [ 2001 to ], on said metal doping layer. This layer 
(equipotential surface) formed membranes using the metal mask [(c) of drawing 9 ] in order to form 

30 membranes only the appearance which is in agreement with luminescence area, 0.2cm long, and in the 
shape of [ 0.2cm wide ] a square. Next, it returned to the metal mask for organic substance membrane 
formation ((b) of drawing 9 ), and the repeat luminescence unit 3-2 was formed for the 
above-mentioned process once again. That is, sequential membrane formation of the mixolimnion of 
4 00 A, bathocuproine, and metal caesium (Cs) was carried out [ alphaNPD ] for the layer of 600A and 

35 Alq:NKX- 1595=100:1 at the thickness of 300A. Finally, aluminum was vapor-deposited in thickness 
of 1000 A with the evaporation rate of lOA/second through the metal mask for cathode membrane 
formation [(d) of drawing 9 ] as a cathode electrode 5, and the organic EL device which has the 
pattern shown in (e) of drawing 9 was obtained. The luminescence field was made into 0.2cm long 
and the shape of a 0.2cm wide square according to this process. The bird's-eye view of the organic EL 
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device obtained in this example 1 is shown in drawing 11 , and a laminated structure is shown in 
drawing 12 . In this organic EL device, direct current voltage was impressed between ITO which is an 
anode plate electrode, and aluminum which is a cathode electrode, and many properties of green 
luminescence from a luminous layer (vapor codeposition layer of AlqiNKX -1595) were measured. 
5 Drawing 5 and drawing $ , plot in drawing 7 and drawing 8 shows the brightness 
(cd/m2)-electrical-potential.dirIerence (V) property of this component (example 1), a brightness 
(cd/m2)-current density (mA/m2) property, brightness (cd/m2)-current efficiency (cd/A), and current 
density (mA/cm2)-current efficiency (cd/A). Moreover, many properties in the typical brightness 
value of the component produced in this example 1 were summarized in Table 2. 
10 [0028J 
[Table 2] 

[0029] Thus, this organic EL device with which it is divided by the equipotential surface and two 
luminescence units exist showed the twice [ about ] as many value as this, when the current efficiency 
(as a result, quantum efficiency) in this brightness was mostly compared compared with the organic 

15 EL device of the example of criteria. Moreover, although it was mostly in agreement with the 
fluorescence spectrum of NKX-1595 when the emission spectrum was observed That (refer to 
drawing 10 ) to which the half-value width of a spectrum became thin a little as compared with the 
example of criteria Luminescence from the luminescence unit 3-1 which formed membranes to the 
beginning between two luminescence units is reflected in cathode, and it is thought that it is based on 

20 cross protection for the phase of the reflected light in the cathode and luminescence emitted in the 
direction of a direct substrate to have been mostly in agreement - 
[0030] 

[Effect of the Invention] The organic EL device of this invention is that a batch arranges two or more 
luminescence units to inter-electrode in the equipotential surface. When the long lasting component in 

25 the high brightness field which could not be realized in the conventional organic EL device can be 
realized keeping current density constant and lighting is made into an application Since the voltage 
drop by resistance of an electrode material can be made small, when homogeneity luminescence by 
the large area is attained and the display display of passive-matrix structure is further made into an 
application Too, since the voltage drop by wiring resistance and the temperature rise of a substrate can 

30 be reduced greatly, with the conventional component, the large area passive-matrix display display 
currently considered to be impossible also becomes realizable. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 
35 [Drawing 1] It is the explanatory view showing the device of the conventional organic EL device of 
operation. 

[Drawing 2] It is the explanatory view showing the device of the organic EL device of this invention 
of operation. 

[Drawing 3*} It is the sketch sectional view showing the laminated structure of the organic EL device 
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of this invention. 

[Drawing 4 ] It is the sketch sectional view showing the laminated structure of the conventional 
organic EL device. 

[Drawing 5] It is the graph which shows the driver voltage-brightness property of the organic EL 
5 device produced in the example of criteria, and the example 1 of this invention. 

[Drawing 6] It is the graph which shows the driver voltage-current density property of the organic EL 

device produced in the example of criteria, and the example 1 of this invention. 

[Drawing 7] It is the graph which shows the brightness-current efficiency property of the organic EL 

device produced in the example of criteria, and the example 1 of this invention. 
10 [Drawing 8] It is the graph which shows the current density-current efficiency property of the organic 

EL device produced in the example of criteria, and the example 1 of this invention. 

[Drawing 91 It is the production process Fig. of the organic EL device of this invention. 

[Drawing 10] It is the emission spectrum Fig. of the organic EL device produced in the example of 

criteria, and the example 1 of this invention. 
15 [Drawing 11] It is a bird's-eye view showing the cross-section structure of the organic EL device of 

this invention. 

[Drawing 12] It is the sketch sectional view showing the laminated structure of the organic EL device 
produced in the example 1. 
[Description of Notations] 
20 1 Transparence Substrate 

2 Transparence Anode Plate Electrode 
3-1 Luminescence Unit 
3-2 Luminescence Unit 

3- n Luminescence unit 
25 4-1 Equipotential Surface 

4- 2 Equipotential Surface 
4-n Equipotential surface 

5 Cathode Electrode 

6 Hole Transportation Layer 
30 7 Luminous Layer 

8 Electron Injection Layer 
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